About the Copenhagen Oral Cavity Squamous Cell Carcinoma (COrCa) database {#S0001}
=========================================================================

The global incidence of oral cavity squamous cell carcinoma (OSCC) is approximately 300,000 new patients per year.[@CIT0001] In Denmark, oral cavity cancer is the second most common head and neck cancer and has previously been reported with an incidence of 3.5 pr. 100,000 in 2014 corresponding to more than 300 patients, with a substantial increase in incidence in the past decades.[@CIT0002],[@CIT0003] OSCC is consistently more common among men compared to women, but the most common anatomical sublocations vary in prior reports, with both buccal mucosa, oral tongue, and floor of mouth (FOM) reported.[@CIT0001],[@CIT0002],[@CIT0004]--[@CIT0006] These differences might be explained by differences in tobacco use geographically, with cancer of buccal mucosa being associated with betel nut chewing.[@CIT0007]--[@CIT0009]

With the COrCa database, we established a database of 1,399 consecutive OSCC patients diagnosed, treated, or both, at the University Hospital of Copenhagen, Rigshospitalet, Denmark in the period 2000--2014. Rigshospitalet is a tertiary treatment center and covers the Eastern Denmark region comprising nearly half of the approximately 5.8 million inhabitants of Denmark. Since 2003, all OSCC patients have been treated according to national guidelines.[@CIT0010],[@CIT0011]

The Danish health care system provides free access to all diagnostics and treatments from general practitioners to hospitals, financed by general taxes, to all citizens of Denmark. The standards of treatment are uniform, and treatment is initiated when indicated, irrespective of economy and insurance of the patients. By law there is no private hospital alternative. In this manner, referral- and selection-bias is diminished as the Danish health care system provides an ideal basis for retrospective and large cohort analyses.

The purpose of the database was to make data available for surveillance and research of OSCC and to encourage collaboration with external head and neck centers, thereby enabling validation studies. The COrCa database is supplemental to the Danish Cancer Registry (DCR), the Danish Pathology Register (DPR), and the Danish Head and Neck Cancer (DAHANCA) database, yet also provides data on additional parameters making new investigations of etiology of OSCC and survival of patients possible.[@CIT0012]--[@CIT0014] With the database as a platform, the next step will be to implement a prospective and on-going database for future studies.

Materials and methods {#S0002}
=====================

We included all patients registered with a primary OSCC in the DPR diagnosed and/or treated at the University Hospital of Copenhagen between 2000 and 2014. The DPR is a nationwide database including information on pathology investigations performed in Denmark since 1970, with samples coded according to a Danish version of the Systematized Nomenclature of Medicine (SNOMED).[@CIT0014]

During a 2-year period from 2016--2018, data on numerous parameters were collected from the DPR and by examination of the medical charts of each individual patient. In Denmark, medical charts have been digitalized since 2007. Most medical charts from before 2007 were scanned and available electronically, the remaining were obtained from a central archive.

The following data were collected: regarding the primary cancer, we included information on date of diagnosis, age at diagnosis, anatomical sublocation (ie, FOM, oral tongue, gingiva, lip and buccal mucosa, hard palate, and retromolar trigone), TNM-stage based on the clinical examination and any scans available at time of diagnosis (ie, T1, T2, T3, T4a/b/x, N0, N1, N2a/b/c, N3, M0, M1, and overall stage I, II, III, Iva/b/c/x), and corresponding certainty factor according to Union of International Cancer Control (UICC) 7^th^ edition, differentiation degree (ie, low, intermediate, or high), histology with invasion depth, invasive front (ie, cohesive or non-cohesive), vascular invasion (ie, yes or no), perineural invasion (ie, yes or no), p16-status (ie, positive or negative), biopsy-verified lymph node metastases (ie, yes or no, and at which level(s) if yes), type of lymph node metastases (ie, isolated tumor cells, micrometastases, macrometastases, or unspecified), perinodal extension (ie, yes or no), and distant metastases (ie, yes or no, and location if yes).[@CIT0015] For recurrence, second primary malignancies, and previous malignancies, we obtained information on date of diagnosis, anatomical location, and whether the diagnosis was based on biopsy or resection. M-stage was defined as M0 unless a distant metastasis was specified in the medical records.

Regarding treatment of the primary cancer, the following information was obtained: for patients treated with primary surgery, date of surgery and information on resection margins (ie, clear, dysplasia, or with tumor involvement, clear defined as 5 mm or more) including eventual supplementary resection margins. For patients undergoing neck dissection and/or sentinel node biopsy, date of operation, number of lymph nodes removed, and number of lymph nodes with metastases were registered. For patients treated with radiotherapy, intent of therapy (ie, curative, supplementary, or palliative), date of start and end of treatment, overall numbers of fractions, fractions per week, and overall dose were registered. For patients receiving chemotherapy, type was applied. Further, information on sex, date of birth, vital status, smoking status, number of packyears, and alcohol intake was collected.

Only patients with squamous cell carcinoma specifically located in the oral cavity were included, with the oral cavity demarcated anteriorly by the vermillion junction of the lips and posteriorly by the junction of the hard and soft palate, the anterior palatoglossal arches, and the line of the circumvallate papillae on the tongue.

Cases in which there was uncertainty were discussed with the data collection group or an experienced ENT surgeon was consulted until consensus was reached.

After completion of the database, information was validated to ensure quality of the included data. All records were checked for incongruent or incomplete counts and all included records were issued with personal record numbers to ensure that there was no duplication of data. Unknown information/missing data in medical files were categorized to ensure no incomplete records. Half-way through the data collection process, as well as after the data collection, 5% of all cases were randomly selected and manually reviewed independently by two separate, experienced members of the data collection group to ensure uniform data entry methods.

The contents of the database are stored in REDCap (Vanderbilt University, Nashville, TN, USA). REDCap is an online-based application for secure storage of data and meets the criteria from 21 CFR Part 11, FISMA, and HIPAA, among others.[@CIT0016]

We have further obtained access to data from the Danish National Patient Registry (NPR), Central Population Registry (CPR), and the Cause of Death Registry (CDR) for all patients included in the database. Data from these registries are not included in the database but are available for future studies. The NPR provides every contact a patient has with the health care system with a record number, to which all information on the contact is linked. The CPR contains data on vital status and emigration, and the CDR contains information on the specific cause of every death in Denmark.

All required approvals from the Danish Data Protection Agency (Approval number: 05228), the Danish Health Data Authority (Approval number: 04280), and the Ethical Committee (Approval number: H-1-2014-053) to establish the database have been obtained. Due to regulations from the Danish Data Protection Agency and The Danish Health Data Authority, the data are not freely available. Potential transfer of the data requires specific approval from the Danish Data Protection Agency and the Danish Health Data Authority.

Statistical analysis {#S0002-S2001}
--------------------

For initial evaluation of the contents of the database, from which results are presented in this article, we divided anatomical sublocation into four groups: FOM, tongue, gingiva, and others (including: lip, buccal mucosa, retromolar trigone, hard palate, and unknown).[@CIT0009] We defined excessive alcohol intake as above 14 units of alcohol per week for men and seven for women, in accordance with the recommendation from the Danish Health Authority.[@CIT0017]

Statistical analyses were performed in R statistics version 3.4.3 (Stanford University, Stanford, CA, USA).[@CIT0018] The incidence rates were calculated as age-standardized incidence rates (ASIR) per 100,000. ASIR circumvent that the distribution of age-groups can be different between populations, thereby allowing the rates to be compared with any given population directly. The ASIR were calculated with the direct method and the EpiTools package.[@CIT0019] The Danish population weighted with the WHO world standard population distribution was used as reference. The WHO world standard population gives the world average distribution of each 5-year age-group.[@CIT0020]

The average annual percent change (AAPC) and possible changes in trends were assessed with Joinpoint trend analysis software v. 4.2.0.2.[@CIT0021] The joinpoint regression analysis estimates possible joinpoints also called trend breaks, which are significant changes in trends. We allowed up to three trend breaks and assumed growth to be logarithmic with the formula ln(y)=xb.

An age-period-cohort (APC) model was estimated using the Epi package.[@CIT0022] This allowed evaluation of the effect of age, calendar period, and birth cohort on incidence. The model gives estimates for age-period effect, age-cohorts effect, and age-period-cohort-effect individually. Age was arranged into 5-year intervals, and calendar period into 3-year intervals. For the period effect and the cohort effect we defined 2001 and 1920 as references.

We considered *p*-values less than 0.05 to indicate statistical significance.

Results {#S0003}
=======

We included 1,399 patients diagnosed with and/or treated for an OSCC at Rigshospitalet, University Hospital of Copenhagen, during 2000--2014 in our database. The median age at diagnosis was 63 years (range: 23--99 years) and 61.9% (n=866) were men. The most common tumor location was the FOM comprising 38.1% (n=564), followed by the tongue at 34.5% (n=503). The majority of the patients were diagnosed in either T-stage 1 or 2, comprising 35.9% (n=389) and 34.1% (n=369) among patients with known T-stage. Further, among patients with known N-stage, 35.1% (n=382) were diagnosed in N1 or above, while 64.9% (n=704) were diagnosed in N0. Merely nine patients were diagnosed in M-stage 1 (0.6%) ([Table 1](#T0001){ref-type="table"}).Table 1Characteristics of 1,399 oral cavity squamous cell carcinoma patients diagnosed or treated at Rigshospitalet, University of Copenhagen, Denmark, in the period 2000--2014N (%)% for cases with observed dataSex Male866 (61.9)61.9 Female533 (38.1)38.1Median age \[range\], years63 years \[23--99\]Sublocation Floor of mouth533 (38.1)38.1 Tongue483 (34.5)34.5 Gingiva164 (11.7)15.7 Other sublocations219 (15.7)11.7T-stage 1389 (27.8)35.9 2369 (26.4)34.1 394 (6.7)8.7 4a/b/x231 (16.5)21.3 Unknown316 (22.6)--N-stage 0704 (50.3)64.9 1166 (11.9)15.3 2a/b/c214 (15.3)19.7 31 (0.1)0.1 Unknown314 (22.4)--M-stage 01390 (99.4)99.4 19 (0.6)0.6UICC Stage I315 (22.5)29.5 II229 (16.4)21.4 III166 (11.9)15.5 IVa/b/c/x359 (25.7)33.6 Unknown303 (21.7)--Treatment Surgery566 (40.6)46.1 Surgery and radiotherapy411 (29.4)33.4 Surgery and chemoradiotherapy27 (1.9)2.2 Radiotherapy146 (10.4)11.9 Chemoradiotherapy28 (2.0)2.3 Palliative16 (1.1)1.3 None35 (2.5)2.8 Unknown170 (12.2)--Degree of differentiation High221 (15.7)18.4 Intermediate769 (55.0)63.9 Low213 (15.2)17.7 Unknown196 (14.0)--Invasive front Cohesive302 (21.6)40.1 Non-cohesive451 (32.2)59.9 Unknown646 (46.2)--Perineural invasion Yes597 (42.7)68.9 No269 (19.2)31.1 Unknown533 (38.1)--Vascular invasion Yes782 (55.9)90.5 No82 (5.9)9.5 Unknown535 (38.2)--p16-status Positive77 (5.5)13.4 Negative498 (35.6)86.6 Unknown824 (58.9)--Smoking Smoker829 (59.3)70.6 Former smoker192 (13.7)16.3 Non-smoker154 (11.0)13.1 Unknown224 (16.0)--Alcohol Excessive intake482 (34.5)42.5 Former excessive intake184 (13.2)16.2 Normal intake469 (33.5)41.3 Unknown264 (18.9)-- Table 2Percentages of missing data among patients diagnosed before and after 2007≤2007 (610 cases)\>2007 (789 cases)N (%)N (%)Sublocation16 (2.6)3 (0.4)T-stage199 (32.6)115 (14.6)N-stage205 (33.6)109 (13.8)Stage209 (34.3)117 (14.8)Treatment131 (21.5)46 (5.8)Degree of differentiation119 (19.5)77 (9.8)Invasive front469 (76.9)177 (22.4)Perineural invasion367 (60.2)166 (21.0)Vascular invasion369 (60.5)166 (21.0)p16-status601 (98.5)223 (28.3)Smoking156 (25.6)34 (4.3)Alcohol180 (29.5)54 (6.8)Average252 (41.3)107 (13.6)

Among patients with known treatment, 81.7% (n=1,004) were treated with primary surgery and 438 (43.6%) of these patients received adjuvant radiotherapy after the surgery. One hundred and seventy-four patients were treated with primary radiotherapy (14.2% among patients with known treatment), 16.1% of these with concomitant chemotherapy ([Table 1](#T0001){ref-type="table"}).

Among 607 patients with known invasion depth the average was 5.8 mm (range: 0.1--30 mm). The majority of patients with known status of invasive front of their tumor had a non-cohesive invasive front (59.9%). Above two thirds of cases (68.9%) evaluated for perineural invasion were positive. Among tumors evaluated for vascular invasion, 90.5% (n=782) was positive. Regarding p16-status, 77 patients were positive, and 498 were negative, corresponding to 13.4% and 86.6% among patients with known p16-status ([Table 1](#T0001){ref-type="table"}).

At diagnosis 1,021 patients (86.9% among patients with known status) were smokers or former smokers and 482 (58.7% among patients with known status) had excessive alcohol intake or former excessive intake. The median number of packyears among smokers or former smokers was 40 (range: 1--183 packyears). For those with excessive alcohol intake the median number of units of alcohol per day was six (range: 3--50 units per day) for men, and three (range: 2--45 units per day) for women ([Table 1](#T0001){ref-type="table"}).

The average percent of missing data per variable was 41.3% among patients diagnosed in 2007 or before, compared to 13.6% among patients diagnosed after 2007 (Table 2). Among complete cases the median age at diagnosis was 65 years (interquartile range \[IQR\]: 57--72) and the male to female ratio was 1.5. This was not substantially different from non-complete cases, with a median age at diagnosis of 62 years (IQR: 55--70) and a male to female ratio of 1.7.

The overall ASIR per 100,000 increased from 2.15 in 2000 to 3.04 in 2014, corresponding to an AAPC of 3.24% (95%CI: 1.6--5.0). There were no significant changes in trends. For men the increase was 3.14% per year (95%CI: 1.4--4-9) and for women it was 3.53% per year (95%CI: 0.7--6.5) ([Figure 1](#F0001){ref-type="fig"}). There was a significant increase in incidence for patients with cancer located to the FOM, tongue, and gingiva (AAPC: 2.73% \[95%CI: 0.2--5.3\], 5.74% \[95%CI: 1.9--9.7\], and 3.74% \[95%CI: 0.9--6.6\]), yet for the group of others there was no significant increase in incidence ([Figure 1](#F0001){ref-type="fig"}).Figure 1Age-standardized incidence rates (ASIR) for patients with oral cavity squamous cell carcinoma diagnosed or treated at Rigshospitalet, University of Copenhagen, Denmark, in the period 2000--2014, stratified by sex (**A**) and anatomical sublocation (**B**).

In the overall APC model we found a significant APC effect with a deviance of 8.9 (*p*=0.03). For women, the age cohort and age period deviance was 11.8 (*p*\<0.01) and −14.4 (*p*\<0.01) respectively, yet the deviance of the APC effect was 6.3 (*p*=0.1). This suggests a significant effect of age on the incidence of OSCC among women, yet no evident effect of cohort or period. For men, neither age cohort (*p*=0.09), age period (*p*=0.08), nor APC (*p*=0.12) deviance was significant, suggesting no significant effect of either age, period, or cohort on the incidence of OSCC among men ([Figure 2](#F0002){ref-type="fig"}).Figure 2Age-period-cohort model for patients with oral cavity squamous cell carcinoma diagnosed or treated at Rigshospitalet, University of Copenhagen, Denmark, in the period 2000--2014. Panel A, B, and C show the age effect, the cohort effect, and the period effect separately. LCI: Lower confidence interval, UCI: Upper confidence interval.

Discussion {#S0004}
==========

The COrCa is one of the largest known databases of OSCC originating from a well-defined geographic region, otherwise non-selective, consisting of 1,399 consecutive patients, and contains elaborate information on numerous parameters for each patient. In the evaluation of the content of the database presented in this article, we found median age at diagnosis and sex distribution among oral cavity cancer patients to be similar to previously reported results of a nationwide Danish study.[@CIT0002] The incidence of OSCC was however slightly lower in our evaluation. This difference is possibly because we specifically included solely squamous cell carcinoma, whereas Karnov et al included all oral cavity cancers. Further, there can be minor regional differences, with the Eastern Denmark region having a different incidence compared to nationwide incidence.

The overall incidence of OSCC increased with 3.24% on average per year in the study period. This is similar to prior reports from Denmark and other European countries, yet in contrast to findings from the USA and Canada, where the incidence of OSCC has been reported to be stable or decreasing.[@CIT0002],[@CIT0023],[@CIT0024]

Alcohol consumption has been decreasing in Denmark the past decades, however the number of heavy drinkers is not known.[@CIT0025] Tobacco smoking has been decreasing as well, yet the number of heavy smokers remained stable among men and increased among women.[@CIT0026] This might explain the overall increase in incidence of OSCC and the marginally higher increase among women, compared to men.

The COrCA database provides more elaborate information on each OSCC patient compared to what has previously been available through the DCR, the DPR, and the DAHANCA database.[@CIT0012]--[@CIT0014] The DAHANCA database is nationwide and includes patients with laryngeal, pharyngeal, sino-nasal, and salivary gland cancer in addition to oral cavity cancer, and contains the most elaborate information on each patient among the above-mentioned databases. However, regarding oral cavity cancer, the DAHANCA database does not provide information on, eg. alcohol intake, invasive front and depth, or vascular and neural involvement of the primary cancer. Further, for patients undergoing neck dissection or sentinel node biopsy, there is no information on how many lymph nodes have been removed or how many of these contained metastases. All this information is provided in the COrCa database.

The aim of the database was to make data available for surveillance and research of OSCC. We have planned a number of specific studies based on data from the database. An example is the investigation of the impact of p16 on survival. Evaluation of p16 status of all cases of OSCC treated at Rigshospitalet was implemented in 2010 with p16-positivity defined as immunohistochemistry staining above 70%. Opposite to the proportion of p16-positive cases in oropharyngeal cancer, only a minority of the evaluated oral cavity cancer cases in our database were p16-positive.

We plan to continuously update the contents of the database to include data on patients diagnosed with OSCC in the most recent years, thereby always making recent data available for future studies.

The APC model showed a significant effect of age on the incidence of OSCC among women, yet not among men. There is no obvious explanation to why the effect of age was not significant for men. It should however, be noted that the *p*-values for age cohort and age period deviance were both less than 0.1 and therefore not far from being significant. An effect of age on the incidence of OSCC among men might therefore not be dismissed completely.

Overall, there was a significant APC effect. This might be a result of the highly significant age effect for women. The cohort effect, with a decrease in the years leading up to, and following 1940, should also be noted, as this also has been observed in prior reports for head and neck cancer.[@CIT0027],[@CIT0028]

All information in the database is based on registrations from the DPR and on reports by clinicians in medical charts. This will inevitably be associated with registration errors, and missing data are therefore a substantial limitation to the database. Further, all data were collected manually by the authors of this article, and hence is associated with registration bias as well. A substantial percentage of the data has however, as previously mentioned, been validated through two authors independently reviewing cases, and we will to continue to validate data from the database.

The decrease in missing data from 41.3% to 13.6% for patients diagnosed before and after 2007 is most likely explained by the digitalization of medical charts in 2007. Further, because the number of cases with missing data decreased every year after 2007, we expect future data collection to hold minimal levels of missing data. A minor level of missing data will however, be inevitable due to emigration.

In conclusion, with the COrCa database we have established one of the largest existing databases of OSCC patients at present, consisting of 1,399 consecutive patients. With its elaborate content, data for numerous retrospective studies are available, including advanced survival analyses, among others. Furthermore, it creates a basis for future prospective studies of OSCC. Hopefully it will expand our knowledge and understanding of OSCC and improve the survival of patients.
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